A double-chamber microbial fuel cell(DMFC) was explored as a new the heavy metal toxicity biosensor for real-time monitoring in wastewater influent. Four heavy metals were selected to represent the shocks of high-toxicity metals and low-toxicity metals, including hexavalent chromium, and chromium, copper and zinc respectively. Aerobic/anaerobic activated sludge were used as the cathode/anode chamber inoculum in DMFCs, and were fully acclimated within one week, which indicated that this self-powered sensor can be quickly start-up. This results selected anode chamber as the detected chamber, and showed that the DMFCs were able to real-time monitoring quickly from the toxicity substance based on voltage signal changes by optimizing the experimental conditions. The electric quantity inhibition rate values were well correlated with the heavy metal concentrations, indicating that the electric quantity changes were manly dependent on the activity of the electrogenic bacteria on the anode surface.
Introduction
The ways that conventional treatment could not remove the toxic metals completely in the wastewater. Now there are many methods could detect the heavy metals in aqueous solution and wastewater, for example, adsorbents, coagulation, flocculation, membrane separation, reverse osmosis, ion-exchange and ozonation were used either to remove or degrade the heavy metals [1-[2] . But the heavy metals could not be reduced to the needed of drinking water usually. So an early warning system is needed to indicate the presence of heavy metallic toxicant. Now many rapid detection methods be researched already, for example enzyme inhibition [4] [5] [6] [7] [8] [9] [10] [11] , immunoassay method [12] [13] [14] , microbiological method [15] [16] [17] , color test [18] [19] [20] , it can be done by online monitoring methods, microbial fuel cell(MFC) sensors was a special sensor. Conventional methods were not be easy to transform into a direct information or have nonlinear each other [21] , microbial fuel cells are the device in which microorganisms convert chemical energy into electrical energy. Electrochemically active microorganisms oxidize organic matter anaerobically and transfer electrons and proton to an cathode and the electrode serves as electron acceptor [22] . It has the characteristics of simple structure, wide source of raw materials, high energy efficiency, will not cause secondary pollution [23] . MFC started running after inoculation and the anode had rich microorganisms which used the artificial wastewater producing electricity, but when toxic substances get into the anolyte will inhibit electron transfer process so that the output voltage / current will be reduced.
Materials and Methods

Materials
The double-chamber microbial fuel cell(DMFC) (size: 4cm × 5cm × 5cm with a working volume of 28mL) was constructed using plexiglass, the long is 4cm and inner diameter is 3cm, cylinder shape formed a single chamber. A widely used inexpensive design was the double-chamber MFC built in a traditional "H" shape (Figure 1 ), the anode and cathode was separated by a cation exchange membrane(CEM). The carbon brush that made by the titanium wire and polyacrylonitrile carbon fiber wire twisted together was used as anode, brush head length of 3cm, titanium wire handle length of 3com and bristle diameter of 3cm(provided by National Carbon Fiber Engineering Center Beijing University of Chemical Technology). the cathode materials select carbon felt that was cut into the cube of length of 0.5cm and pretreated (bought Beijing Jixing Sheng Industry and Trade Co., Ltd.). two-chamber was connected using a copper wire with an external resistance(Rext=1000Ω), the anode surface area was 7.065cm 2 . anaerobic sludge taken from the second recycling plant of clear water source, Beijing, the waste-water was used as inoculum before starting, and MFCs took intermittent stream during inoculation. After the completion of MFCs inoculated, began to start. MFCs took the recycled water and circulation flow rate was 1.0ml/min. Synthetic waste-water (anode COD:1300-2000mg/L; cathode COD:500~1000mg/L) was used as the feed-stock for nutrient solution and was continuously pumped to the electrode chamber through an inlet and discharged through an outlet, the glucose (1.0g/L) was used as substrate in anode, the sodium bicarbonate (1.0g/L) was used as electron acceptor and in cathode. The other same substance contained 1.64g/L NaAC, 1.5g/L NH4Cl, 0.001g/L KCl, 0.001g/L CaCl2, 0.001g/L MgCl2, trace elements and some phosphate buffer solution(pH=7.0±0.2). The DMFC sensor running at room temperature and the water bath adjust the temperature in winter.
Methods
The external resistance was selected from 500Ω to 1500Ω to sure the Best external resistance and the hydraulic retention time (HRT) was selected from 20mim to 120min to sure the best stable time.
Quick tester was employed to analyze chemical oxygen demand(COD). The data were recorded at a time interval of 10min. The slope of U-I curve indicated the internal resistance(Rin) of the cell [26] . The (CE) was calculated by integrating the measured current relative to the theoretical current based on the consumed COD [27] . ) to the MFC were conducted by circling the targeted chemicals using circulating pump into the anode chamber. Chromium(Cr(VI)) is well known toxic meal to microorganisms, with the limitation of hexavalent chromium and cadmium in drinking water 0.1mg/L(EPA 816-F-09-0004).
Monitoring Heavy Metal
Results and Discussion
The reactor start-up and optimization DMFC started producing electricity about three to five weeks and voltage stabilized about four days. Replacing the matrix when the voltage decreased, began to replaced once a day, then gradually extended in order to meet the producing electricity microbial nutritional needs, finally, the replacement time is determined three days (Figure 2 ). The maximum voltage was maintained at about 230mV finally showed the reactors stability. The reactor needs to be optimized in order to make it stable operation. Studies have shown that the MFC to achieve maximum operating parameters when the temperature is about 25~35℃ [28] [29] [30] . External Resistance. It was found that changing the external resistance will affect the output power of DMFC, the maximum power density was calculated at different external resistance under the condition of circulation rate of 1.0ml/min(Table.1). The power density first increased then decreased with the external resistance, the power density was maximum when external resistor was 1000Ω, it's up to 102.07W/m 2 , high external resistor would make it decreased. It have showed that high external resistance limited the electrons to the anode which has been verified early. Internal resistance of the external resistor is equal when the maximum power density, which reduce experimental error to some extent, so experimentally determined external resistor was 1000Ω . Figure 4 showed that the standard curve of Cr6+ and Cd2+. The electricity quantity change trend was same, it increased firstly and then decreased. The first increase at low concentrations of heavy metals due to the heavy metal self-contained energy, MFC could change the chemical energy of heavy metals into electrical energy [31] . reduced from 9.31% to 1.02 % from 4.16% to 0.70% respectively( Figure 5(a) ). 
Conclusions
A double-chamber MFC was examined as a real-time monitoring sensor to detect four kinds of heavy metals in wastewater influent. The result showed that the DMFC effectively analogous Cr which indicated that the toxicity to the microorganism on anode was bigger, that's be proved once again. Four types heavy metals' detection range were 0.3~10mg/L, 0.4~10mg/L, 40~160mg/L and 15~80mg/L respectively. The linear equations can be used to detect the real wastewater, But it is worth noting that the real-time monitoring should be appropriate to reduce the detection range in actual wastewater. The circulating piping easily blocked during the experiment, so must clean and replace it on a regular basis. The shortcomings of the experiment is that there is no analysis of the cathodic microorganisms.
